An aerobic, alkane-oxidizing bacterium, designated strain EPR92 T , was isolated from hydrothermal fluids that had been collected from a deep-sea vent on the East Pacific Rise (at 96 509 N 1046 179 W). The cells of the novel strain were Gram-staining-negative rods that measured approximately 1.4 mm in length and 0.4 mm in width. Strain EPR92
, was isolated from hydrothermal fluids that had been collected from a deep-sea vent on the East Pacific Rise (at 96 509 N 1046 179 W). The cells of the novel strain were Gram-staining-negative rods that measured approximately 1.4 mm in length and 0.4 mm in width. Strain EPR92
T grew at 20-40 6C
(optimum 35 6C), with1.0-5.0 % (w/v) NaCl (optimum 2.5 %), and at pH 4.0-8.5 (optimum pH 7.5). The generation time under optimal conditions was 63 min. Strain EPR92 T grew aerobically in artificial seawater minimal medium with n-alkanes as sole carbon and energy sources, and also in artificial seawater medium supplemented with peptone and yeast extract. The predominant fatty acids were C 18 : 1 v7c, C 19 : 0 cyclo v8c, 11-methyl C 18 : 1 v7c and a putative C 12 : 0 aldehyde. The major polar lipids were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and four unidentified aminolipids. The major respiratory quinone was Q-10 and the genomic DNA G+C content was 60.7 mol%. Phylogenetic analyses of the 16S rRNA gene showed that strain EPR92 T belongs in the class
Alphaproteobacteria and the recognized species that were most closely related to the novel strain were identified as Parvibaculum indicum P-31 T (98.7 % sequence similarity) and Parvibaculum lavamentivorans DS-1 T (95.8 %). In DNA-DNA hybridizations, the level of DNA-DNA relatedness observed between strain EPR92 T and P. indicum P-31 T was 47.7 %, indicating that the two strains do not belong to the same species. Based on the phylogenetic, physiological, chemotaxonomic and genetic evidence, strain EPR92 T represents a novel species within the genus Parvibaculum, for which the name Parvibaculum hydrocarboniclasticum sp. nov. is proposed. The type strain is EPR92 T (5DSM 232095JCM 16666 T ).
At deep-sea hydrothermal vents, natural hydrocarbons are largely formed by the thermal decomposition of organic matter (thermogenesis) or by microbial processes such as the reduction of fatty acyl-CoA. However, hydrocarbons can have an abiotic origin and, in hydrothermal systems, may form by water-rock interactions such as FisherTropsch reactions and the serpentinization of ultramafic rocks (Berndt et al., 1996; McCollom et al., 1999) . Despite the observation that hydrocarbons, including n-alkanes, are enriched in deep-sea hydrothermal vents (Brault et al., 1988) , our knowledge of the taxonomic and functional diversity of alkane-oxidizing bacteria from these environments remains very limited. In this study, we describe a novel, aerobic, alkane-oxidizing member of the class Alphaproteobacteria that was isolated from hydrothermal fluids collected at a deep-sea vent on the East Pacific Rise.
In April 2004, during the 'AT 11-10' cruise of the research vessel 'Atlantis', hydrothermal fluids at a temperature of 15 u C were collected at a depth of 2513 m from the Tica vent (9 u 509 N 104 u 179 W) on the East Pacific Rise. The fluids were collected using titanium samplers operated by 3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA and cytochrome P450 alkane hydroxylase gene sequences of strain EPR92 the manipulator of the deep-submergence vehicle 'Alvin'. In the laboratory, a sample of the fluids (1 ml) was inoculated into 10 ml of artificial seawater minimal medium (ASW MM; Crespo-Medina et al., 2009) and serially diluted in the same medium to a maximum dilution of 10
28
. Each tube of diluted sample was then supplemented with dodecane (C 12 H 26 ) in the vapour phase, as the only carbon and energy source, before being incubated at 28 u C. Subsequently, a pure culture was isolated from the highest dilution that showed growth (10 26 ), by successive transfers of single colonies on ASW MM solidified with 1.5 % (w/v) Noble agar (Sigma), again with dodecane in the vapour phase. The pure culture obtained using this procedure was designated strain EPR92 T . For long-term storage, cultures of the novel strain supplemented with 15 % (v/v) sterile glycerol (Fisher Scientific) were kept at 280 u C.
Cell morphology was investigated under a light microscope (BX 60; Olympus), using cells stained with 0.1 % (w/v) acridine orange. Transmission electron micrographs were obtained as previously described (Vetriani et al., 2004) . When stained according to the procedure described in Gerhardt et al. (1984) , the cells of strain EPR92
T were Gram-staining-negative rods that measured approximately 1.4 mm in length and 0.4 mm in width (Fig. 1a) . Although a polar flagellum was visible in electron micrographs of platinum-shadowed cells grown, with dodecane, in ASW MM (Fig. 1b) , no flagella were visible in similar preparations of cells grown in artificial seawater (ASW) medium (Crespo-Medina et al., 2009) . No endospore formation was observed.
Strain EPR92
T was a heterotrophic, aerobic bacterium that grew in both standard ASW medium and in low-strength ASW medium (Crespo-Medina et al., 2009) supplemented All data from this study. +, Positive (source utilized); 2, negative (source not utilized).
Carbon source 1 2 3 ) or in anaerobic ASW medium supplemented with 7.3 mM nitrate. The formation of gas bubbles after concentrated cells were resuspended in 70 ml 3 % (v/v) H 2 O 2 at room temperature indicated that strain EPR92
T had catalase activity. The presence of cytochrome C, a component of the cytochrome oxidase system, was detected in strain EPR92
T by following the protocol described by Kovacs (1956) .
Growth rates (m; h 21 ) were estimated as (lnN 2 2lnN 1 )/ (t 2 2t 1 ), where N 2 and N 1 represent the cell densities (in cells ml
21
) in cultures at times (in h of incubation) t 2 and t 1 , respectively. Generation times (t g ; measured in h) were then calculated as (ln2)/m. To determine the optimal growth temperature, strain EPR92
T was incubated in ASW medium at 20-40 u C (at intervals of 5 u C). After the optimal growth temperature of strain EPR92
T had been evaluated, as 35 u C (Fig. S1a , available in IJSEM Online), all subsequent experiments were carried out in ASW medium at this temperature. Growth of strain EPR92 T occurred with 1.0-5.0 % (w/v) NaCl (optimum 2.5 %; Fig.  S1b ). The pH range for growth was investigated, and the optimum evaluated, as previously described (Voordeckers et al., 2005) . Strain EPR92 T grew at pH 4.0-8.5 (optimum pH 7.5; Fig. S1c) . Under optimal conditions, the generation time of strain EPR92
T was 63 min.
The metabolic profiles of strain EPR92 T , P. indicum P-31 T and P. lavamentivorans DS-1 T (Table 1) were determined using GN2 MicroPlates (Biolog), as described previously (Crespo-Medina et al., 2009) . All three of these strains grew in standard and low-strength ASW and in ASW MM supplemented with octane, dodecane or hexadecane.
Genomic DNA was extracted from cell pellets using an UltraClean Microbial DNA isolation kit (MoBio Laboratories) according to the manufacturer's instructions. The 16S rRNA gene was selectively amplified from the genomic DNA by PCR, then sequenced and subjected to phylogenetic analysis, as described previously (Pérez-Rodríguez et al., 2010; Vetriani et al., 2004) . Phylogenetic 
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Mesorhizobium amorphae ACCC 19665 T (AF041442) analysis of the 16S rRNA gene showed that strain EPR92 T belongs in the class Alphaproteobacteria (Fig. 2) and is most closely related to five strains that have been assigned to the recently described genus Parvibaculum (Lai et al., 2011; Schleheck et al., 2004) . At the time of writing, only two of these five strains in the genus Parvibaculum represent recognized species: P. indicum P-31 T (98.7 % 16S rRNA gene sequence similarity with strain EPR92 T ) and P. lavamentivorans DS-1 T (95.8 %). Like strain EPR92 T , P. indicum P-31 T , Parvibaculum sp. strain psc10 (99 % sequence similarity with strain EPR92 T ) and Parvibaculum sp. strain W7-12 (98 % sequence similarity) were isolated from marine environments (Wang et al., 2008) .
The genomic DNA G+C content of strain EPR92 T , as determined by the HPLC-based analysis of the deoxyribonucleosides (Mesbah et al., 1989) , was 60.7 mol%, while those of P. lavamentivorans DS-1 T and P. indicum P-31 T were 64.5 mol% (Schleheck et al., 2004) and 62.1 mol% (Lai et al., 2011) , respectively. DNA-DNA hybridizations were carried out between strain EPR92
T and the type strain of the recognized species that appeared to be its closest phylogenetic neighbour (i.e. P. indicum P-31 T ). In brief, cells of the two strains were disrupted by using a French pressure cell (Thermo Spectronic) before the DNA in each crude lysate was purified by chromatography on hydroxyapatite, as described by Cashion et al. (1977) . The hybridizations were carried out as described by De Ley et al. (1970) and Huß et al. (1983) , using a Cary-100 Bio UV/VIS-spectrophotometer (Varian) equipped with a Peltier-thermostatted 666 multi-cell changer and a temperature controller with in situ temperature probe. The level of DNA-DNA relatedness between strain EPR92 T and P. indicum P-31 T was 47.7 %, indicating that the two strains did not belong to the same species (Wayne et al., 1987) .
Since both strain EPR92 T and P. lavamentivorans can use n-alkanes as their sole carbon and energy sources, the presence of genes involved in the oxidation of hydrocarbons in these organisms was investigated. The focus of this investigation was on alkB and CYP153 -the genes that code for integral membrane non-heme iron alkane hydroxylase and for cytochrome P450 soluble alkane hydroxylase (of the CYP153 family), respectively. An attempt to amplify a 550 bp fragment of the alkB gene from the genomic DNA of strain EPR92 T , using the PCR described by Smits et al. (1999) , did not yield any amplification product. However, a 355 bp fragment of the gene coding for cytochrome P450 was successfully amplified from the novel strain's genomic DNA, by following the protocol outlined by van Beilen et al. (2006) . This fragment was sequenced and, in another phylogenetic analysis, the deduced amino acid sequence was compared with homologous protein sequences obtained from GenBank (including a P450 sequence from P. lavamentivorans), using the methods described by CrespoMedina et al. (2009) . In this analysis (Fig. 3) , the P450 enzymes from strain EPR92 T and P. lavamentivorans showed 73 % amino acid similarity but were clustered with the P450 enzyme of Polaromonas sp. strain JS666 (a member of the class Betaproteobacteria that can biodegrade petroleum hydrocarbons and chlorinated ethenes; Mattes et al., 2008) .
Analyses of the cellular fatty acids, polar lipids and respiratory quinones of strain EPR92 T were carried out by the Identification Service of the Deutsche Sammlung für Mikroorganismen und Zellkulturen (DSMZ), at Braunschweig, Germany, and by Dr Brian Tindall (also of the DSMZ). These analyses were based on a freeze-dried sample (200 mg) of cells that had been grown in ASW medium to early stationary phase, under optimal culture conditions. The major cellular fatty acids of strain EPR92
T were analysed, as the methyl ester derivatives, using the Sherlock Microbial Identification System (MIDI) and a 6890N GC (Agilent) (Kuykendall et al., 1988) . The fatty acid profile of the novel strain was similar to those of P. indicum and P. lavamentivorans (Lai et al., 2011; Schleheck et al., 2004) , with C 18 : 1 v7c (48.71 %), C 19 : 0 cyclo v8c (17.89 %) and 11-methyl C 18 : 1 v7c (7.93 %) predominating (Table S1 ).
The predominant polar lipids of strain EPR92 T , identified by TLC (Tindall, 1990a (Tindall, , 1990b , were similar to those identified in P. lavamentivorans (Schleheck et al., 2004) , and included phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylcholine as well as two unidentified aminolipids (AL2 and AL3) that migrated between phosphatidylglycerol and phosphatidylcholine on the TLC plates (Fig. S2) . Two additional aminolipids, one (AL1) detected between phosphatidylethanolamine and phosphatidylglycerol and the other (AL4) below phosphatidylcholine, were detected in strain EPR92 T (Fig. S2 ) but not in P. lavamentivorans (Schleheck et al., 2004) .
Analysis of the respiratory lipoquinones of strain EPR92 T , by TLC and then HPLC of the eluted products (Tindall, 1990a (Tindall, , 1990b , indicated that only Q-10 was present. In contrast, P. lavamentivorans and P. indicum were each found to have Q-11 as their sole respiratory quinone. Table  2 summarizes the features that differentiate strain EPR92 T from the type strains of P. indicum and P. lavamentivorans.
Based on the physiological, phylogenetic, chemotaxonomic and genetic evidence, strain EPR92
T represents a novel species within the genus Parvibaculum, for which the name Parvibaculum hydrocarboniclasticum sp. nov. is proposed. Cells are aerobic, Gram-staining-negative rods (1.460.4 mm). A polar flagellum was observed on cells grown in ASW minimal medium supplemented with dodecane. Catalaseand oxidase-positive. Growth occurs at 20-40 u C (optimum 35 u C), with 1.0-5.0 % (w/v) NaCl (optimum 2.5 %), and at pH 4.0-8.5 (optimum pH 7.5). Aerobic heterotrophic growth occurs with n-alkanes as sole carbon and energy sources, and in complex ASW medium. Nitrate is not used as an electron acceptor. The predominant fatty acids are C 18 : 1 v7c, C 19 : 0 cyclo v8c and 11-methyl C 18 : 1 v7c. The major polar lipids are phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, and four unidentified aminolipids. Q-10 is the major respiratory quinone.
Description of
The type strain, EPR92
T (5DSM 23209 T 5JCM 16666 T ), was isolated from hydrothermal vent fluids collected from the East Pacific Rise (at 9 u 509 N 104 u 179 W). The genomic DNA G+C content of the type strain, as determined by HPLC, is 60.7 mol%. T from the two most closely related species in the genus Parvibaculum
Strains: 1, EPR92 T (data from this study); 2, P. indicum P-31 T (Lai et al., 2011) ; 3, P. lavamentivorans DS-1 T (Schleheck et al., 2004 
